We present a teaching unit that offers the students the opportunity to discover the age of the universe by hands on model experiments also with applets. We present a novel software, worksheets and outlines of lessons. We present experiences with students and a teacher training.
Introduction
We present a teaching unit in which the students discover the age of the universe by simulated observations using applets. So the students can form hypotheses, test them and achieve a high efficiency of learning [1] . We used the well known planetariumsoftware Stellarium [2] and a software simulating astronomical spectroscopic observations. We developed the latter software and called it Spectrarium. The teaching unit is presented in three versions, a conceptual level, an expert level and a mathematical level. The units have been tested with students in Germany and in a teacher training in Lisbon. We present the teaching unit including corresponding work sheets and report about our experiences in lessons and teacher training. The software Spectrarium and a used "zoom animation" can be requested via E-Mail.
Conceptual Level
The unit for the conceptual level consists of five lessons. It has been tested in an astronomy club with students from classes five to 12. The outlines of the lessons including working sheets are as follows:
Lesson 1: Investigation of the Large Magellanic Cloud LMC
Goals: The students can find the LMC with Stellarium, describe the location of the LMC at the celestial sphere as well as essential contents of the LMC. 
Lesson 2: Discovery and use of the decrease of radiation with distance
Goals: The students can explain the decrease of the intensity of a radiation source and its use for measurements of astronomical distances. [3] . D = 1400 Zm; v = 100 Zm/Gy Exercise: When have the galaxies been here?
Spectrarium
On the expert level the students simulate the astronomical spectroscopy of distant galaxies. For this purpose we developed the novel software "Spectrarium". The underlying concept is outlined in the following.
Overview of the concept of Spectrarium
First the spectral flux densities are determined for the radiation coming from the galaxy [4] and for the radiation originating from the light pollution [5] . These calculations are based on data from the literature. Second the user can simulate his specific observation. Thereby the user can choose the diameter D of the telescope, the temperature T of the cooled camera, the exposure time t and the location with a light pollution described by a parameter L. For this purpose the incoming spectral flux densities of the galaxy and of the light pollution are transformed to the spectrum generated by the chosen parameters D, T, t and L. This transformation is realized by the software in two steps. In a first step we calculate the spectrum for the observatory in Stade equipped with the telescope Celestron C11, the spectrograph DSS7 form SBIG and the camera ST-402 from SBIG. In a second step we scale the spectrum according to the chosen parameters D, T, t and L. . At the bottom there arrives the same luminance. In order to get the illuminance E V that enters the telescope, we multiply the luminance L V with the solid angle Ω of the galaxy (see Fig. 2 ). This solid angle is the solid angle of the area presented on the photo (see Fig. 2 ) multiplied by the percentage of the area covered by the galaxy on the photo. For example, the telescope C11 with the camera ST-402 from SBIG produces a photo with a solid angle of 4.5•10 -6 rad 2 . The galaxy covers an area of 0.1 % of this photo (see Fig. 3 . We generate such a noise-spectrum with the help of random numbers. Thereby we add ten random numbers for each wavelength and rescale appropriately. We take the galaxy-spectrum from the literature. Finally we obtain the displayed spectrum by adding the above three spectra. Shortly speaking, we form the sum displayed spectrum = galaxy-spectrum + noise-spectrum + light-pollution-spectrum.
Rescaling of the spectra
The user of the software may simulate the observation with a location with a pollution factor L, with a telescope with diameter D, with a temperature T and with an exposure time t. As a consequence the three spectra are scaled by the following factors:
-The galaxy-spectrum is obviously multiplied by the following galaxy-factor: g f = (D/D 0 )2 • t/t 0 -The light-pollution-spectrum is obviously multiplied by the following pollutionfactor:
The noise-spectrum is multiplied by a noisefactor of the following form
. Thereby T is the temperature in K and we obtained the parameters of this formula from a series of experiments.
Expert Level
On the expert level the students can simulate and evaluate all observations. The unit has been tested with students in an astronomy club from classes six to 12. The unit consists of six lessons outlined as follows:
The first lesson is the same as on the conceptual level. Intended Blackboard Figure   1 The exponent 0.5 is a consequence oft he central limit theorem. The denominator 6.3 describes the fact that the noise is increased by a factor two if the temperature is increased by 6.3 K. The maximum describes the fact that the thermal noise dominates for temperatures above 270 K, while the read-outnoise dominates for temperatures below 270 K.
Information: α1 Centauri emits the same spectrum as the sun. So α1 Centauri has the same physical properties as the sun. So α1 Centauri emits the same power as the sun P sun = 3.85•10 26 W. The sun appears brighter than α1 Centauri. A modern measure of brightness is the power P per area A, the so called flux density F = P/A.
Why has α1 Centauri a smaller Flux Density than the Sun? Hypothesis: light spreads in space. The light brightness decreases with the distance. -The H α -line of NGC3516 shows a redshift. This is a consequence of an increase of the distance with time. 
Lesson 6: Discovery of the Equality of Start Times EST and Measurement of the Age of the Universe
Goals: The students can explain their discovery of the EST and measure the age τ of the universe. 
Mathematical Level
So far the students investigated the age of the universe using the concept that distant galaxies move away from the earth and that the velocity v is proportional to the distance d thereby. Further investigation shows however that geometry and gravity should be considered in more detail. This has been treated in a third unit with students from classes 10 to 12 as follows:
Lesson 1: Exclusion of a possible centre of the universe Goals: The students can explain that the motion of distant galaxies looks similar from each point of the universe. 
PupilPresentation
Intended Blackboard Figure  Is the earth at the centre of the universe? Hypotheses: yes, because distant galaxies move away from the earth No, because it is unlikely. Model experiment: Balloon with galaxies drawn on it. Balloon is blown up.
Results: Each inhabitant of a galaxy observes, that the other galaxies move away from him. So the earth is not the centre of the world. Intended Blackboard Figure [7, 8] Linear graph for d(z) How do very distant galaxies move? Ideas: Light from very distant galaxies was emitted long ago. Small redshift corresponds to small velocity. Results: The expansion is accelerated. Since the velocity was too small in earlier times, if compared to a constant velocity.
Lesson 4: Exclusion of acceleration by the gravity of masses
Goals: The students can exclude that the expansion is accelerated by the gravity of the masses. Intended Blackboard Figure  Why is the motion accelerated? Hypotheses: Gravity of galaxies Electric force: galaxies are not charged The energy terms are equal, so the motions are equal. The ball may exhibit one of two typical motions: E < 0  ball comes back E > 0  ball never comes back So the universe may exhibit two typical motions: E < 0  universe expands and then contracts E > 0  universe expands for ever Ideas: E(R) = ?
For small R, the -1/R-term dominates and the gravity acts attractive. For large R, the -R 2 -term dominates and the gravity acts repulsive.
Lesson 7: Calculation of critical density
Goals: The students can calculate the critical density for the acceleration. 
Experiences
The students enjoy very much to work and play with the various applets by their own. At the conceptual level pupils starting from classes five dealt well with the simple numbers, the evaluation of the age of the universe and the explanation of the equal starting times. The disadvantage of this easy learning process is that the students could hardly imagine how realistic measurements look like. At the expert level pupils from class six made model experiments and simulated measurements in a concentrated manner. The learning process became more difficult, but the pupils enjoyed participating in the measuring process. The disadvantage of the full concentration in the measuring process was that the pupils imagined everything happening in a fixed three dimensional space rather than in an expanding space. At the mathematical level the students from class 10 used their competence in argumentation and gravity. Some needed a repetition in Newtonian gravitation theory first. On this basis the students enjoyed to draw conclusions based on data, derivations or argumentation by themselves. They presented their results and explanations on a public astronomy evening and by giving a talk at the MNUBundeskongress in Hamburg in 2013. At the teacher training in Lisbon in 2013, the teachers enjoyed to make their own experiments and to discuss open questions at a high level. After the training was evaluated it turned out that most teachers liked the presentations, the concept, the experiments, the lessons as well as the worksheets.
Development of Personality
The pupils experience norms in the family, school, city, local community and state they live in. Accordingly they develop their personality [9] . However the pupils understand the partial arbitrariness of these norms and need a wider range of experiences. Such a wider range is offered by astronomy and especially by cosmology -however books and stories do not provide the necessary experiences. With the presented teaching units the pupils can explore model experiments as well as applets about cosmol∆z = 0.34 ogy and make their own reliable experiences in a wide intellectual range. So the pupils can make a further step in their personal development.
Conclusion
The students learnt with hands on experiments including applets in the presented lessons. So we achieved high learning efficiency, as expected [1] . The lessons can easily be prepared, because the outlines and worksheets are presented here, the model experiments are simple and the applets are available as freeware.
